Yale University

EliScholar – A Digital Platform for Scholarly Publishing at Yale
Discussion Papers

Economic Growth Center

11-1-1978

Dualism in LDC Manufacturing: A Case Study
Mary Ann Baily

Follow this and additional works at: https://elischolar.library.yale.edu/egcenter-discussion-paper-series

Recommended Citation
Baily, Mary Ann, "Dualism in LDC Manufacturing: A Case Study" (1978). Discussion Papers. 311.
https://elischolar.library.yale.edu/egcenter-discussion-paper-series/311

This Discussion Paper is brought to you for free and open access by the Economic Growth Center at EliScholar – A
Digital Platform for Scholarly Publishing at Yale. It has been accepted for inclusion in Discussion Papers by an
authorized administrator of EliScholar – A Digital Platform for Scholarly Publishing at Yale. For more information,
please contact elischolar@yale.edu.

ECONOMIC GROWTH CENTER
YALE UNIVERSITY
Box 1987, Yale Station
New Haven, Connecticut

CENTER DISCUSSION PAPER NO. 303

DUALISM IN LDC MANUFACTURING:

A CASE STUDY

Mary Ann Baily
November
Notes:

1978

Port·ions of this research were financed by funds provided
by the Agency for International Development under Contract
AID/ort C-1326. However, the views expressed in this paper
do not necessarily reflect those of AID.
Cent~r Discussion Papers are preliminary materials circu
lated to stimulate discussion and critical comment. Ref
erences in publications to Discussion Papers should be
cleared with the author to protect the tentative character
of these papers.

INTRODUCTION
The phenomenon of dualism is frequently observed in the
manufacturing sectors of developing countries.

In many industries,

there is a "modern" sector using sophisticated, capital-intensive
technology similar to that used in developed countries, and a
"craft" or "traditional" sector using old-fashioned, labor-inten
sive techniques.

The causes of this dualism and its significance

for the development process have been considered important by
many development economists.
One interpretation can be called the diffusion model.
According to this interpretation, the development of the manu
facturing sector takes place by the expansion of the modern
sector and the contraction and eventual disappearance of the
craft sector as superior modern technology diffuses throughout
each industry, much as newly invented technology diffuses in a
developed country.

Existing firms do not instantly adopt the

modern technology especially

embodied in capital goods.
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Instead, the technology diffuses at

a rate determined by the rate of spread of the new information
and the rate at which it becomes profitable to replace existing
equipment.

In a developing country, one might expect diffusion

to proceed much more slowly, explaining the bigger spread in the
technology observed in place.

Information, which comes from more

technologically sophisticated countries, is likely to spread
more slowly.

Managers in LDCs tend to be less effective as
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profit-m aximize rs and therefor e, slower to recogniz e the value
of new technolo gy._ If there are imperfe ctions in input or
output markets, the cost advantag e of the superior modern tech
nology might be weakened and thus the traditio nal technolo isy could
survive longer, in spite of its lower product ivity.
A particul arly explicit discussi on of this diffusio n ap
proach to dualism in manufac turing, develope d with referenc e
to Colombi a, is that of Richard Nelson. 1
Nelson assumes differen tial product ivity between the two
parts of each industry :

there are two distinc t producti on function s.

Scale economie s are more importan t in the modern sector producti on
function .

The efficien cy differen ce between the two producti on

function s varies with the capital- labor ratio, so that modern
technolo gy has a greater advantag e at higher capital- labor ratios.
Factor markets are imperfe ct; modern sector firms pay higher wages
and have lower capital costs than craft sector firms.
The industry is not in equilibr ium but
it.

i~ mn,ring

toward

Since the modern sector technolo gy has a cost advantag e

over the craft sector, even given factor market imperfe ctions,
and the relative rate of expansio n of each sector is determin ed
by unit profits (or losses), the modern sector is expandin g faster
than the craft sector.
Togethe r, all of these assumpt ions imply that the dualism
is a disequil ibrium phenome non.

There is a final equilibr ium

in which all firms are modern, large and capital- intensiv e; the
craft sector with its traditio nal, small, labor-in tensive firms
is entirely elimina ted.
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The policy implica tions depend to some extent on the
causes of market imperf ections .

But in genera l, the model tends

to suppor t the "modern is better" attitud e found in many develop 
ing countr ies.

It sugges ts that factor market imperf ections

allow obsole te techniq ues to survive rather than encoura ge
premat ure adoptio n of sociall y ineffic ient techniq ues.

It por

trays the traditi onal sector as composed of people not smart
enough to see that they are obsole te.

Speedin g up the process

by which the craft sector is elimina ted and the modern sector
grows is a good thing.

Efforts to provide assista nce to small

and medium size firms are suspec t on efficie ncy ground s.

Any

efforts to provide technol ogy inform ation should focus on spread 
ing inform ation about the superio r modern technol ogy, not on
spreadi ng inform ation about craft technol ogy, or looking for
more produc tive forms of craft technol ogy.
The model is plausib le, it fits with casual observ ation,
and it is consist ent with aggreg ate industr y statist ics.

How-

ever, casual observ ation has often proved mislead ing in the
past and indust rial statist ics can be difficu lt to interp ret.
For exampl e, Nelson argues that Colomb ian statist ics show that
the size compos ition of industr y is changin g over time in the
directi on of larger firms.

Howeve r, the statist ics are not

very suitabl e for examin ing the compos ition of industr y by
size over time, and are likely to contain a built-i n bias
toward showing that result.

The indust rial statist ics in Colomb ia

(and in nearly all LDC's) include all of the larges t and the
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great majority of middle-size firms but only a small fraction
of the small firms.

Very little information is available about

the number of firms in the smaller size classes of any industry,
so it is hard to know just what fraction is included in any given
year.

Firms generally grow over time.

Some firms go out of

business, and it is reasonable to think that turnover is greater
among smaller firms.

For both these reasons, the average size

of firm in a sample will automatically grow over time unless
adjustments are made for entry and exit.
make the correct adjustment.

But it is hard to

The larger firms entering will tend

to be included, but given the lack of information about small
firms, it is very unlikely that small firms will be added to the
sample in the right proportions to maintain a sample which accu
rately reflects the real size distribution of firms in the
industry.
Thus, it is useful to look at a specific industry at the
micro-level in the context of the diffusion model.

The Colombian

clay brick industry is a perfect example of a dualistic industry.
The technology in operation in the industry ranges from a modern,
large, capital-intensive factory to tiny artisan establishments
using centuries-old techniques.

In this paper, the questions

asked are, To what extent does this industry fulfill the asstnnp
tions in the diffusion model, and does it seem to be evolving
toward the equilibrium described by the model?
This paper is complementary to another paper by this author
on the brick industry

2

which examines an alternative hypothesis:
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that industry structure (size distribution and technology choice)
represents a long-r_un equilibrium generated by entrepreneurs
maximizing profits subject to a particular set of factor market
imperfections.
It is argued there that the empirical evidence is con
sistent with a model in which there is one industry production
function, not two.

A higher scale of production, higher capital

labor ratio and a higher ex post wage rental ratio are all as
sociated but small-scale, labor-intensive firms coexist with
large-scale, capital-intensi ve firms indefinitely.
In this paper, we show that the empirical evidence is not
consistent with the diffusion model.

A BRIEF HISTORY OF BRICK TECHNOLOGY
The main processes in the production of clay bricks are
the excavation and preparation of the clay, the forming and
drying of the raw bricks, and the firing of the bricks in kilns.
For each process, there is a variety of alternatives available,
from purely manual to highly mechanized.
Until the nineteenth century, production was characterized
by hand-digging, natural weathering, hand-making, outdoor drying,
and batch-firing in primitive kiln~, either temporary structures
("open clamps") or simple permanent structures.
In the nineteenth century, molds were developed which
made as many as 15 bricks at once.

The process (the "soft mud"
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process) was mechanized, using animal and then steam power.

By

the end of the century, a new alternative, the extrusion process,
had been developed and was well-established.

In the extrusion

process, instead of being molded, the bricks were extruded as
a column of clay which was then cut with a wirecutting machine.
Heated floors were first used to speed up drying.

Then

chamber dryers were used, in which hot air was circulated around
the formed bricks.

In 1845, a continuous process dryer (the tun

nel dryer), was invented, although it did not become a practical
alternative to the hot floor and chamber dryer until the end of
the century.

In the tunnel dryer, bricks moved on cars through

a tunnel as warm air was passed over them.
In kilns, the important innovation was the Hoffmann kiln,
invented in 1858.

This kiln transformed the firing process into

a continuous process.

It was composed of a series of individual

chambers into which bricks were loaded and unloaded.

The fire

was moved from chamber to chamber as the bricks in each chamber
were fired.
With the twentieth century came mechanization of the
excavation step, with power shovels, bulldozers, etc.

There

was a shift toward more elaborate preparation of the clay and
the development of stone separation, crushing and mixing machinery.
De-airing was introduced into the extrusion process.

This is

the removal of air from the clay as it is being extruded in
order to produce a denser, stronger product.
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The tunnel kiln had been invented in 1840 but was not
adapted for brickmaking until the twentieth century.

It, like

the Hoffmann kiln, involved a continuous firing process, but
in the case of the tunnel kiln, the fire was stationary and the
product moved through the kiln on cars.
Finally, mechanical methods of handling the bricks with
in and between processes were developed.
To summarize, there has been a substantial increase in
the minimum scale of plant with the development of new techno
logical alternatives, particularly in the case of kilns.

General

ly, the newer the technique, the less labor is used relative to
capital in each process, and some substitution of skilled for
unskilled labor has occurred.

Also, for efficient operation,

the tunnel kiln and tunnel dryer require skilled management of
temperature controls.

THE STRUCTURE OF THE COLOMBIAN BRICK INDUSTRY
The characterization of technology is a difficult
problem, particularly the measurement of the capital input.
Book value is a poor measure because depreciation relates much
more to tax law then to the economic value of capital.

Measures

of electrical energy consumed and rated horsepower measure eco
nomists' desperation, not capital.

Replacement cost is perhaps

the best alternative, but most firms have no idea what replace
ment cost is or even what the original cost of their capital was.
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Moreover, firms are suspicious of surveys and reluctant to
waste their time gathering information.

Therefore, we sought

a method that would capture the main alternatives but would be
feasible.
After preliminary factory visits and discussion with local
industry experts, the Colombian industry was divided into eight
major categories of technology choice, 3 based on the major alternatives observed in the forming, drying and firing processes:
(The choices are arranged here from most to least capital-inten
sive, within each process).
Forming:

semi-dry press process
extrusion with de-airing--imported process
Colombian adaptation
without de-airing
manual molding

Drying:

artificial drying - tunnel dryer
chamber dryer
natural drying

Firing:

continuous kiln - tunnel kiln
Hoffmann kiln
intermittent kiln - vertical flame (updraught)
or inverted flame(downdraught)

Table 1 shows the combinations of choices represented by
the categories.

The division between modern and craft sector

can be roughly considered to fall between categories 4 and 5,

9

although as the table shows, the structure of the industry
is more complicated than just a two way division. 4
A tentative specification of a representative plant was
prepared for each category based on information from a small
number of cooperative firms.
survey instrument.

These were used in designing the

Brief questions on key points of the produc

tion process were included in the survey to determine what
category each firm was in.

The results of the survey were used

to modify the original categories and plant designs.

Then a

single composite capital-labor ratio was computed for each of
categories 2 to 8 from the modified plant designs.

The capital

figure was the approximate cost in Colombian pesos of purchasing
plant and equipment new in 1975 plus the costs of construction
in 1975 for kilns, drying sheds, and simple factory structures. 5
Labor was the number of full-time production workers employed
per month.
A

1.

6

capital-labor

r~t"in rm,1tl nnt- h,:, rnmpnt-,:,rl

for category

This category consists of a single, very large scale firm

using a sophisticated capital-intensi ve process.

Since the firm

refused to cooperate it is incorporated in the analysis only
to the extent that information about it is available from other
sources.

Although a capital-labor ratio could not be computed,

there is no doubt that this category is the most capital-intensi ve.
It is obvious that the capital-labor ratios are very ap
proximate.

We know that there is variation within categories

but we do not have the quantitative data to say how large the

Table 1:

Categories of Technology C:h,oice

"Modern" Sector

..Craft" Sector

0

••➔

~ ·

1

~

2

3

4

.
5

6

7

Extrusion
with
De-airing
Colombian
Adaptation

Extrusion
without
De-airing

Manual
Molding

8

~

8

Forming

Drying

Firing

Semi-Dry
Press
Process

Extrusion
with
De-airing:
Imported
Process

Extrusion
with
De-airing:
Imported
Process

Tunnel
Drying
..,,

Combination*
of Tunnel
and Natural
Drying

Combination*
of Chamber
and Natural
Drying

Natural
Drying

Na1tural
Dt·ying

Natural
Drying

Natural
Drying

Natural
Drying

Tunnel
Kiln

Tunnel
Kiln

Hoffman
Kiln

Hoffman:
Kiln

Intermi.ttent
B:J.ln

Intermittent
Kiln

Intermittent
Kiln

Intermittent
Kiln

872.1

512.9

410.3

77.3

45.1

Extrusion
with
j
: De-airing:
I Imported
Process

Ell:trusion
with
Dei-airing:
Iu1p,orted
PI'ocess

Composite
Capital/Labor
Ratio

Unavailable

"Only

the single firm in category 1 dries all of its output artificially

25.8

7.4
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variation is.

Little significan ce can be attached to the

numerical values; however, we feel that the ordering is robust.
In this paper, capital-i ntensity is used mainly as an ordinal
ranking of the categorie s.
The table, combined with the history of the developme nt
of the technolog y, shows that, as the diffusion model assumes,
capital-i ntensity and "modernit y" of the technolog y generally
give the same ordering of categorie s.
exception .
technolog y.

There is one partial

Category 6 uses a Colombian adaption of imported
This is a case where an "obsolete " type of foreign

machinery has been reduced in size and copied for local manufac
ture.

This adaptatio n began in the very early 1970's.

More will

be said about the significa nce of this later.
Size of firm was not used in the determina tion of the
categorie s.

However, in the sample, size of firm proved to be

strongly correlated with category and therefore with capitalintensity and modernity , as the diffusion model assumes.
measures of size were used:
capacity output. 7

Two

total employment and value of

Quantitat ive informatio n was available for

47 firms in categorie s 2 to 8.

The correlatio n between size

and capital-i ntensity as measured by category is given below.

Category
VS,

size measured by employmen t

vs. size measured by value of
capacity output

Kendall
· Correlatio n
Coefficie nt

Significa nce
Level

-0.5087

.001

-0.5944

.001
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The correlation coefficient is negative since capital-inte nsity
is measured ordinally from 2 to 8, from most to least capital
intensive.

The factory in category 1 is known to be the largest

brick factory in Colombia; therefore, its inclusion would
strengthen the result.

FACTOR MARKET STRUCTURE
The Nelson model assumes that modern firms have a higher
wage/rental ratio than traditional firms.

With respect to wages,

aggregate data show that the average wage increases with size
of firm.

Nelson assumes that this represents different wages

for the same type of labor and that it results from a market
imperfectio n tied to the type of technology chosen by the firm.
He argues that the cause of the market imperfection is labor
legislation which applies unevenly across firms.

Similarly

the rental rate is tied to the choice of technology.
Baily ("Factory Market Structure and Technology Choice in the
Colombian Brick Industry") gives a detailed discussion of the structure
of Colombian factor markets, in general and in the brick industry
specificall y.

Quantitativ e evidence from the brick survey is

presented to show that wages vary positively with size of firm
even after allowing for education, experience, and stability
of the labor force, firm location, and technology choice (as
measured by technology category).

It is argued that labor

legislation is probably a major factor in this result but
that its impact varies with size of firm (measured by capacity
output) rather than with choice of technology.
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It was difficult to obtain direct quantitative data on
capital costs for individual firms.

However, a study of the lend

ing policies of the major sources of industrial credit leads to
the conclusion that capital access does differ across firms.
An elaborate system of capital market controls gives wide scope
for the use of noneconomic factors in credit allocation.

It is

argued that capital access depends to some extent on the nature
8
of a project, but much more on characteristics of the borrower

such as family background, social position and educational back
ground.

The survey showed that the larger, more capital-intensi ve

firms had entrepreneurs with the characteristics associated with
better capital access.
To summarize, our evidence indicates that there is the
predicted association between size, modernity and capital-inten
sity, and a higher wage/rental ratio, although the association
is not directly related to the type of technology chosen by the
firm, but to ether characteristics of the firm and its owners.

RELATIVE PRODUCTIVITY BY CATEGORY
The diffusion model assumes that modern technology
dominates craft technology, i.e. is more efficient in the use
of both capital and labor.

This assumption has been much debated

in the development literature.

The debate is complicated by the

fact that the production function is usually presented in terms
of two homogeneous factors of production, labor and capital,
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while it is recognized that modern technology often requires a
different labor skill mix as well as a different kind of entre
preneur.

In the brick industry, there are also differences in

the kind and amount of fuel per unit of output.
One approach would be to compare the different techniques
directly, valuing inputs and output characteristics

at the

prices faced by the firms and at appropriate shadow prices.

This

must be done using not only the technical data on machine capaci
ties, staffing ratios, etc. but data on the actual operations
of Colombian firms; machines and people may operate differently
than expected under everyday conditions in a developing country. 9
One aspect of this is the quantity and quality of the
managerial input, which is hard to measure but very important.

10

Nelson argues that the high profit rates which Colombian ac
countants believe characterize large modern firms are evidence
for the greater productivity of the modern technology but they

and/or rents to the entrepreneurial characteristics which give
favorable access to investment funds.
We had originally hoped to get micro data of sufficient
quality to enable us to tackle the problem directly, but this
goes to the heart of the most sensitive issue to the businessman,
his profitability, and we were unsuccessful.

We did get enough

evidence to convince us that the validity of Nelson's assumption
is by no means obvious.
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Some of this evidence is swnmarized in Figure 1.

The

value of output less the value of fuel (at actual domestic
prices) was computed by category from the plant designs and used
as a rough measure of output.

The figure shows production labor

and fixed capital per unit of output for categories 2 to 8; this
gives an approximation of a unit isoquant (at the scale of
operation assumed for the representative plant in that category,
i.e. incorporating any economies of scale that may exist.)

The

plant designs incorporate a host of approximating assumptions,
since there were substantial variations in the efficiency of
firms within categories in their use of the same basic techni
que:
time.

variations from firm to firm, and for the same firm over
(The notes to the figure contain further discussion of

some of the more important aspects of this)

Thus the figure

is far from conclusive but it suggests that neigher the craft
nor the modern technology clearly dominates.

EVOLUTION OF THE INDUSTRY OVER TIME
Although we cannot resolve the relative productivity
question, we can see if the industry is evolving over time
as the diffusion model predicts.
If the new technology dominates the old, new firms
should be large, modern and capital-intensi ve; old firms
should gradually become so as expected profits from the change
dominate the costs.

(A possible exception: some new small

scale firms may be set up with cheap secondhand capital goods

16
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Figure 1
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Notes to Figure 1
Some important reasons why the isoquants shown are very
approximate:
1.

As noted earlier, the pattern of shiftwork did not differ

across firms within categories, but there was variation in the
number of firings of the kilns per unit of time and the intensity
of machinery use within a shift., across firms as well as across
categories.

Also, utilization rates varied for the same firm

at different points in time.
2.

There were variations in fuel efficiency, across firms within

the same category, and in the same firm at different points in
time.

Fuel use varies with:
the content of sand and other substances in the clay;
the moisture content of the product at the end of the
drying process;
(This means that fuel use varies with the weather, since
both artificial and natural drying are less efficient
in wet weather; in the wet seasons, the kiln does some
of the drying.

Also, minor variations iri construction

of the drying sheds can affect drying efficiency.)
the altitude;
the design of the kiln, within a particular kiln type;
(Minor variations in the structure of the air vents, etcetera,
can have major effects on fuel efficiency.)
3.

Not all inputs were included.

For example, the labor coefficient

includes only production labor, not managerial labor.

Land is

not included, either land for the factoiyor the land which comprises
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Notes to Figure 1 (contin ued)
the clay reserve s.

It is virtua lly imposs ible to value the land

in a consis tent meanin gful way, because typical ly the brick factori es
(of various sizes and catego ries, side-by -side) are located on
land on the outski rts of the major cities- -land which is unsuit
able for agricu lture and whose value is expecte d to increas e as
the city grows.

In many cases, remova l of the clay makes the

land more suitabl e for eventu al develop ment.
Some specifi c points on a compar ison of catego ries 3
and 4, and catego ries 5 and 6:
Catego ry 3 is domina ted by Categor y 4, given the coeffic ients
shown.

The differe nce between these two catego ries is in the use of

artific ial drying.

Categor y 3 uses more fixed capital (in the

form of the cost of the artific ial dryer) and more fuel, but it uses
less land and less working capita l, since the drying time is shorten 
ed.

The change in the value of work in pro~res s between the two

catego ries is at most, about 5% of the differe nce in fixed capita l
cost between the two catego ries, which is a neglig ible additio n
to the capita l cost.

The differe nce in land per thousan ds of

pesos of Q-F (value of output less value of fuel) is substa ntial:
5. 7 mt 2 • However, to balance the Col. $8000 differe nce in fixed
capita l investm ent, the land would have to cost about CoL $1400
2
per mt,
or Col. $14,000 ,000 per hectare , which is a very subs-

tantia l sum indeed, (over $400,00 0 U.S. per acre) especi ally

when it is conside red that the land will apprec iate in value
while the dryer will deprec iate.

Thus the differe nce in land

and working capital costs is unlikel y to be suffici ent to justify
the increas ed fixed capital investm ent.

19

Notes to Figure 1 (continued )
Category 5 seems to be dominated by category 6.

The main

differenc e between these two categorie s is in the use of a simple
domestic machine in preparati on and forming in Cat. 6 compared
to larger and more expensive imported machinery in Cat. 5.

The

utilizatio n rate has been assumed to be rather low in category 5
(about 60%) on the grounds that this is represent ative, while
the utilizatio n rate in category F has been assumed to be 100%.
To make a rough correctio n for this, if it is assumed that
factors can be adjusted proportio nally to give 100% utilizatio n
in both categorie s, then the capital coefficie nt is very close
to that in category 6.

(The capital coefficie nt in preparati on

and forming is still somewhat higher in 5 than in 6, but this
is offset by the lower coefficie nt in firing).

Thus it seems

that an important aspect of the Colombian capital is the fact
that it enables firms to produce at lower scales of productio n
without having underutil ized capacity.
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discarded by the modernizing firms, since if there is any market
in secondhand capital goods, their prices must adjust until the
old capital is competitive with the new.

But this is merely a

transitional phenomenon.)
Although historical information was difficult to obtain,
the survey provided data on the age of the firm, the size of
the labor force at the end of the first year of operation and
the ages of the major items of capital equipment, as well as
whether they were bought new or secondhand.
Table 2 shows that the more modern, larger firms tend
to be older, not younger, although the correlations are not
strong.

More direct evidence is provided by looking at changes

in category and size of individual firms over time.

The data

were sufficient to identify an initial category for 37 of the
48 firms (The remaining eleven were the oldest firms; all
date from 1957 or earlier).

Categories 3 and 4 are identical

except that Category 3 firms have chamber dryers which may be
used to dry part of the output.

All of the firms in this

category acquired their dryers after the start of the firm and
at about the same time (the early 70's), so all moved from category
4 to 3 (and two firms may have moved from some other category
since their initial category could not be determined).

However,

with that exception, Table 2 shows that the general picture
is not one of firms changing categories to become more modern.
Of course, for 11 firms, nearly one-fourth of the sample, we
do not know the initial category.

But 8 of the 11 are now in

categories S to 8, the "craft" sector, so would not change the
overall picture.
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Table 2
Kendall
correlat ion
coeffici ent

Current category

Signific ance
Level

vs. Age of Firm

-0.2167

.024

vs. Employment at end of first year

-0.3550

.002

Pearson
correlat ion
coeffici ent

Age of Firm

Signific ance
Level

vs. Current Size Measured by Employment

0.3082

.018

vs. Current Size Measured by Capacity

0.1791

.114

Changes in Category

I of
Category

firms

# of firms
known to
have started in
same category

# of firms
for whom initial
category tmknown

Others

# of firms
set up in 70s
and category

0

1

1

0

0

2

1

1

0

1 firm started
in cat 4
0

3*

4

0

2

z

4

7

5

1

s

9

6

3

6

4

3

1

0

3

7

10

6

4

0

3

8

12

12

0

0

8

Total

48

33

11

4

24

*Categor ies

firms started
in cat 4
1 firm started
in cat 5
0

0

....
"'.........
3

5

3 and 4 are identica l except that category 3 firms have chamber
dryers which may be used to dry part of the output. All the firms acquired
their dryers after the start of the firm and at about the same time (the
early 70s), so all moved from category 4 to 3.

**Both

started in category 4.
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One-half of the sample consists of firms established
during the constructio n boom in the early 70's.

All of these

firms are still in the same category they started in except
the two which moved" from category 4 to 3.

The distributio n of.

firms by category in this subgroup is not that different from
the distribution of firms in the sample as a whole, contrary
to the prediction that only modern firms would be set up.
The survey showed that firms generally do grow over
time.

The change in the labor force is biased downward as

an indicator of change in firm size, because of a severe slump
in demand at the time of the survey and also because the
capital-labo r ratio. and the output-labo r ratio are likely to
increase with size.

Nevertheles s employment had increased for

36 of the firms and decreased for only 7 (unknown for five).
Capital equipment had generally been added over time.

However,

Table 2 suggests that growth comes primarily within the same
category or with a movement to the next category only.
-The age of the firm can be ambiguous.

Many firms had

changed their form of legal organizatio n and their shareholders over time and it was not always clear what date to
take ·for the founding of the company.

Thus it is useful to

look at the major items of capital equipment to see if there
is a pattern of introductio n of technology over time.

If the

age of the equipment is uniformly older, the higher the category
number, then one could argue that coexistence of the categories
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represents the transitional phenomenon mentioned.

Modernizing

firms are selling off their outmoded equipment to other firms
but the category will disappear when this equipment wears out.
Table 3 gives data on the machinery used in the prepara
tion and forming processes in those firms which use machinery.
The table shows that the importance of secondhand machinery does
increase as the modernity of the category decreases.

However,

the introduction in category 6 of the Colombian adaptation of
the type of machinery used in Category 5 suggests that the tech
nology represented by the secondhand machinery is not obsolete.
Although the average age of machinery in Category 7 is high,
the standard deviations are large and there is some relatively
new machinery used in the category.
Table 4 shows the average age of the kilns in the sample.
The kilns vary widely in age and there does not seem to be any
clear pattern between age and modernity of kiln type.

r,r,."l.,.,.,T TTrt'Tn'I.Tt"'I

\.,Uft\.,LUi:>J.Ul~i:>

The evidence does not support the hypothesis that the
brick industry is tending to an equilibrium in which all firms
are modern, large and capital-intensive.

Although the direct

evidence on relative productivity of the categories is inadequate~
the indirect evidence indicates that it is worthwhile to set up
new firms with craft technology.

It is interesting that in the

construction boom of the early 70's, the industry seemed to expand

24

Table 3:

Type of
Machinerv
Preparation
Machinery

Tech
Cat
1
2
3

4
5
6
7

8

Extruder
Without
De-airing
Chamber

# of Firms
In Cat.
With This
Type Machine

1
4
7
6
3
3
4

~iA

')

0

3

4
5
6

Total
- # of
Machines

'# Machines
Bought
Second-hand

A;!,e of Machines
Standard
Mean Deviation :,Jinimum Maximum

-

NA

1
L

Preparation and Forming Machinery

5
23
20
17

4

6

4

-

21.0
o. 4:
15.5
9-5;
18.0'
21.3
15.01

0
()

10
5
4
2
3

7.8

4

21
30
28
26
20
48
21

21 • °'
,.,. I 20.3

1

51

21
4
5
4

6

21
30
21
26
21

0

20

29

0
3,0
18.5

6
6
3

6
12
51

0
6.o
4.9
4.4

21
4
5

21
20
21
16

0

7.0
7-~
9.3
4.o

18. 0

I
i

0
0

''

0
0

i
I

7

9

8

0

21
4
4
2
12
4

I

11

10

I
I

Extruder
With
De-airing
Chamter

-

1
2
~

_J

4
5
6
7
8

NA
1
4
7

1
7

9

10

5
0
0

5

MaJ1ua.l

l

NA

Cutters

2
3

0
1

4
5
r;
7
8
Automatic
Cutter

1
2
3

4
5
6
7
8

r
7

0
21.ol
13.9; 10. 3
13. 7!
5.3
9. 31 7.2
13.4! 5.5

0
0
2
2
3

Ii

--

I

i
1

1

29.0

1
4

0
1
9

6.n

0

1
4
8
0

10

I
I

9.5
20.6

NA

1
4
7

1
7
7

9

9

0
0
0

I

NA= Not Available·

0

0
2
2

21.0
8.1
12.4

7.9

.
I

4

Table 4:
.

Kilns

---- - ·- -··

'

- -··

·- -

Total
#

Type of Kiln

Mean

l

Age of Kilns
Standard

Deviation

Capacity in Common Brick Volume ~quivalents~
Minimum

'

Maximum

!
I

Total
#

Mean

i

.-

----·

!

Intermittent
(Vertical
Flame)

102

11.8

11.1

Intermittent
(Inverted
Flame)

26

26.7

15.6

I

··--------7
')

1

l
l

Standard
Deviation

Minimum

Maximum

I

. I

2:l,339

6,000

86,100

47,797

22,506

20,000

84,060

286,106

----··-'' 127,881

147,600

508,096

1,300,000

1,300,000

0

46

101

40,925

1

49

18

5

56

14

19

19

/

-

16

Hoffmann
Tunne1 3

1
I

----·

-·--

- -·-------- - - - · · - - ·-·

18.7
19

13.1
0

I
I

I

i

I

'---·

l

1,300,000

I
I

i

0

'

1i3ased on data for 148 kilns
2 Based on data for 137 kilns
3Quantitative data available only for kiln in category 2.
be newer and larger.

Tunnel kiln in category 1 is known to
N
\JI
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across the board.

The largest, most technologically sophisticated

brick factory in the country (in Category 1) was built.

Category

3 was created, with the introduction of artificial chamber dryers
for the first time ·in Colombia.

But this was also the period

of introduction of an adaptation of imported technology, the
Colombian-produced de-airing extruder, which enabled firms to
be smaller in scale, and less capital-intensive.

In addition,

there was a great expansion in the number of tiny artisan firms
which use technology even simpler than the simplest craft tech
nology discussed here.
The diffusion model is not a good description of this
industry.

The structure to this author looks more like the long

term coexistence of a set of representative firms with no
tendency to converge on one type.
In another paper, we have argued that the structure of
capital and labor markets in Colombia,.a structure which is
highly imperfect and whose imperfections can to a great extent
be traced to government policies, creates an environment in
wl1ich profit-maximizir1g t:nti:t:vceneu.L~ fc1ct! different constraints

and therefore choose to build firms in the different categories.
The input market imperfections have existed for a long
time and show no great tendency to change (although the whole
wage structure is moving upward over time).

Thus the industry

is likely to continue to develop with a structure of parallel
lines of entrepreneurs who never meet.

The individual categories

may change over time, but the coexistence of different categories
is not tending to be eliminated.
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The evidence presented is for only one industry, but we
think it can be generalized.

The coexistence of widely different

techniques of production is characteristic of other •industries.
The input market imperfections are not unique to the brick industry,
but operate throughout the economy.

Therefore we think it is

quite likely that the results would be duplicated in other
industries.
The analysis suggests that modern may not be better.

Al

though it is hard to measure productivity directly, what data
we have suggests that the craft technology is not necessarily
dominated, and we know that in addition to capital, unskilled
labor and fuel, (which are incorporated in Figure 1) modern
technology does tend to use more of other factors that are in
short supply such as managerial labor.

Since the market imper

fections are such that the wage/rental ratio that produces the
large capital-intensive modern-style firm is farther from the

firms, perhaps the "right" industry structure would eliminate
the large firms rather than the small firms.
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1

R. Nelson, T. P. Schultz, R. L. Slighton, Structura l

Change in a Developin g Economy, (Princeto n, N.J.:

Princeton

Universit y Press, 1971), Chapter IV.
~.A. Baily, "Factor Market Structure and Technolog y
Choice in the Colombian Brick Industry, " Journal of Developme nt
Economics , forthcomi ng.
3
There was an additiona l category of tiny artisan estab
lishments using temporary kilns (open clamp kilns) which we
have not included in the study because it was impossibl e to
get any survey data on them.
4
Also, we should note that by specifyin g the industry

narrowly, product heterogen eity was greatly lessened but not elim
inated.

Within the clay brick industry, there are different

products whose characte ristics are related to variation s in choice
of technolog y.

However the products are much closer substitut es
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than in broader industry classifications and no technology
category produces a product which has no close substitute
produced by some other category.
5

since the more capital-intensive categories tend to use

more imported machinery and historically the Colombian exchange
rate has generally been overvalued, the use of social opportunity
cost prices instead of peso prices would not change the order
of the categories and would increase the dispersion of the capital
intensities.
6

rhe pattern of shiftwork did not differ across firms with

in categories.

There was variation in the number of firings of

the kilns per unit of time and the intensity of machinery use
within a shift, across firms and across categories.

The composite

capital-labor ratio for the category was adjusted in a rough way
to reflect the pattern of utilization that was representative of
the category operating at capacity as defined in footnote 7.

In

other words, since the capital figure is a stock figure and the
labor figure is number of full-time workers per month (hours per
month per full-time worker did not vary across firms) the composite
ratio implicitly incorporates the choice of capital utilization

rates as well as size of capital stock.
Further details of the data and the representative plant
designs can be obtained in M.A. Baily, "Technology Choice in
the Brick and Men's Leather Shoe Industries in Colombia," Final
"Report to Agency for International Development, Contract No.
AID/ctr C-1326, 1977, or by request to author.

30

7capacit
y output was defined as the value of output that
the firm would be willing and able to produce , on a long term
basis, with no more than a 5% additio nal expend iture on plant
and equipm ent, and with as many additio nal workers as would be
needed (assumi ng that they could be hired at the current wage
rate, and that all output could be sold at curren t prices ).
Since the industr y was experie ncing an unantic ipated slump,
which was having uneven effects across the industr y, it is felt
that capacit y output is the best measure of size of firm
availab le.
8Formal credit
lines genera lly require the securit y of
a machin e or buildin g and thus to some extent encourasi;e the use
of capita l relativ e to labor.

Credit tPnn~ t~n~ to be better

for importe d machin ery than for domest ic machin ery, since the
former comes from large interna tional compan ies with favorab le
access to capita l themse lves, and the latter is genera lly made
in small Colomb ian worksh ops, which have poor access to capita l.
Of course any lender will be interes ted in the ability of the
borrow er to repay the loan, which gives him an interes t in the
profit ability of the projec t.
9
For example , we found evidenc e of signifi cant variati on
in the produc tivity of technol ogy as used in Colomb ia compare d
to the origin al models in foreign countr ies, particu larly in
the more sophis ticated catego ries.

Minor differe nces in

constru ction and operati on techniq ues led to lower efficie ncy
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in the Hoffmann and tunnel kilns.

None of the chamber dryers

in the sample worked as well as they had been expected to, and
several did not function at all.
lOThe quantitative data on labor force composition showed
that while production workers hardly differed at all in skill
level (being all relatively unskilled), the managerial staff tend
ed to be better educated in the more modern categories .. There
was qualitative evidence that the more modern the firm in tech
nology, the more sophisticated the entrepreneurs.

